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IN THE CLAIMS 

Claim 1 (Currently Amended): A catalyst for copolymerization of olefins and 
styrenes, which comprises: 

(A) a transition metal compound represented by any of the following general formulae 
(2) to (6): 

QUCsH^^) (C 5 H 5 . a -cR 9 c)M , X l Y 1 (2) 

Q 2 a (C 5 H 5 . aHl R i0 d ) ZVX 1 Y 1 (3) 

(Csf^R'^M'xVw 1 (4) 

M'x'y'w'U 1 (5) 

L'lWxV (6) 
in which Q 1 represents a bonding group that crosslinks the two conjugated five-membered 
cyclic ligands (C 5 H 5 , a _ b R 8 b ) and CC 5 H 5 . a ^R 9 c );Q 2 represents a bonding group that crosslinks 
the conjugated five-membered cyclic ligand (CsHs-andR 1 ^) and the group Z 1 ; R 8 , R 9 , R 10 and 
R 11 each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen- 
containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of 
these groups, if any, may be the same or different, and may be bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; b, c and d each represent an integer of from 0 to 5 
when a = 0, or an integer of from 0 to 4 when a = 1, or an integer of from 0 to 3 when a = 2; e 
is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 to 6 of the Periodic 
Table; M 2 represents a transition metal of Groups 8 to 10 of the Periodic Table; L 1 and L 2 
each represent a coordination-bonding ligand; X 1 , Y\ Z 1 , W 1 and U 1 each represent a 
covalent-bonding or ionic-bonding ligand; and L 1 , L 2 , X 1 , Y 1 , Z 1 , W 1 and U 1 may be bonded 
to each other to form a cyclic structure, 
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(B) an oxygen-containing compound represented by any of the following general 
formulae (8) to (9): 

R 22 R 23 R 24 

R 21 — (Y 2 — 0)a (Y 3 — 0) b Y 4 — R 25 • ' * (8) 



R 26 R 27 

(Y 5 — 0)^-(Y 6 — 0) d - 



• -(9) 



91 97 

wherein R to R each represent an alkyl group having from 1 to 8 carbon atoms and may be 
the same or different, and R 26 and R 27 may be the same or different. Y 2 to Y 6 each represent 
an element of Group 1 3 of the Periodic Table, Y 2 to Y 4 may be the same or different; and 
YVndY 6 may be the same or different, a to d each indicates a number of from 0 to 50, but 
(a+b) and (c+d) each must be at least 1, 

(C) a compound of a general formula (1): 

( (RVX-Y) n-Z-(R 2 )m-n (1) 
wherein R 1 r e pr e s e nts a hydrog e n atom, a halog e n atom, an aliphatic hydrocarbon group 
having from 1 to 30 - earbon - atoms, an aromatic hydrocarbon group having from 6 to 30 
carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioallcoxy group having from 1 to 30 carbon atom s ^ a 
thiooryloxy group having from 6 to 30 - carbon atoms, an amino group, an amido group, or a 
oarboxyl group, R*'a may bo the sam e or different, and R lr s may be optionally bond e d to oaoh 
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other to form a cyolio structur e a phenyl group : X represents an element of Group 14; Y 
represents an element of Group 16; Z represents a metal element of Groups 2 to 13; R 2 
represents a hydrocarbon group; m is an integer, indicating the valency of the metal element 
Z; and n is an integer of from 1 to (m-1), 
and optionally, 

(D) an alkylating agent represented by any of the following general formulae (12) to 

(14): 

R 3l mAl(OR 32 )hX3HiH. (12) 

R 31 2 Mg (13) 

R 3l 2 Zn (14). 
wherein R 31 and R 32 each represent an alkyl group having from 1 to 8 carbon atoms; X 
represents a hydrogen atom or a halogen atom, 0<m £3,0 < n < 3. 

Claim 2 (Withdraws): A catalyst for copolymerization of olefins and styrenes, which 
comprises: 

(A) a transition metal compound, 

(C) a compound of a general formula (I): 

((R l ) 3 -X-Y) n-Z-(R 2 )m-n (1) 
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element of Group 16; Z represents a metal element of Groups 2 to 13; R 2 represents a 
hydrocarbon group; m is an integer, indicating the valency of the metal element Z; and n is an 
integer of from 1 to (m-1), 

and optionally, 

(D) an alkylating agent. 

Claim 3 (Previously Presented): The catalyst as claimed in claim 1 for 
copolymerization of olefins and styrenes, wherein, in (C), X is carbon, Y is oxygen and Z is 
aluminium. 

Claim 4 (Currently Amended): The catalyst as claimed in claim 1 for 
copolymerization of olefins and styrenes, wherein the compound (C) is a reaction product of 
<1> at least one selected from compounds of a general formula, (R 1 ) 3 -C-OR 3 , R 4 -CO-R 5 or 
R 6 -CO-OR 7 , with <2> a compound of a general formula, Z (R 2 )m, wherein R 1 represents a 
phenyl group. R 3 , R 4 , R 5 , R 6 and R 7 each represent a hydrogen atom, a halogen atom, an 
aliphatic hydrocarbon group having from 1 to 30 carbon atoms, an aromatic hydrocarbon 
group having from 6 to 30 carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, 
an aryloxy group having from 6 to 30 carbon atoms, a thioalkoxy group having from 1 to 30 
carbon atoms, a thioaryloxy group having from 6 to 30 carbon atoms, an amino group, an 
amido group, or a carboxyl group, and [[R 1 ,]] R 3 , R 4 , R 5 , R 6 and R 7 may be the same or 
different, and [[R 1 ,]] R 3 , R 4 , R 5 , R 6 and R 7 may be optionally bonded to each other to form a 
cyclic structure; Z represents a metal element of Groups 2 to 13; m is an integer, indicating 
the valency of the metal element Z; and R2 represents a hydrocarbon group. 
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Claim 5 (Withdrawn): A catalyst for copolymerization of olefins and styrenes, which 
comprises: 

(A) a transition metal compound, 

(B) an oxygen-containing compound, and/or a compound capable of reacting with a 
transition metal compound to form an ionic complex, 

(CI) at least one selected from compounds of a general formula, (R^-C-OR 3 , R 4 -CO- 
R 5 or R 6 -CO-OR 7 (In these formulae, R^ R 3 , R 4 , R 5 , R 6 and R^each represent a hydrogen 
atom, a halogen atom, an aliphatic hydrocarbon group having from 1 to 30 carbon atoms, an 
aromatic hydrocarbon group having from 6 to 30 carbon atoms, an alkoxy group having from 
1 to 30 carbon atoms, an aryloxy group having from 6 to 30 carbon atoms, a thioalkoxy group 
having from 1 to 30 carbon atoms, a thioaryloxy group having from 6 to 30 carbon atoms, an 
amino group, an amido group, or a carboxyl group, and^R 3 , R 4 , R 5 , R 6 and R 7 may be the 
same different, and R|R\ R 4 , R 5 , R 6 and R 7 may be optionally bonded to each other to form 
a cyclic structure.) 

(C2) a compound of a general formula, Z(R 2 )m, (In this formula; Z represents a metal 
element of Groups 2 to 13; m is an integer, indicating the valency of the metal element Z; and 
R represents a hydrocarbon group, 
and optionally, 

(D) an alkylating agent. 



Claim 6 (Withdrawn): A catalyst for copolymerization of olefins and styrenes, which 
comprises: 

(A) a transition metal compound, 

(CI) at least one selected from compounds of a general formula, (R^-C-OR 3 , R 4 -CO 
R 5 or R 6 -CO-OR 7 (In these formulae, R^ R 3 , R 4 , R 5 , R 6 and R 7 each represent a hydrogen 
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atom, a halogen atom, an aliphatic hydrocarbon group having from I to 30 carbon atoms, an 
aromatic hydrocarbon group having from 6 to 30 carbon atoms, an alkoxy group having from 
1 to 30 carbon atoms, an thioaryloxy group having from 6 to 30 carbon atoms, a thioalkoxy 
group having from 1 to 30 carbon atoms, a thioaryloxy group having from 6 to 30 carbon 
atoms, an amino group, an amido group, or a carboxyl group, and R 1 , R 3 , R 4 , R 5 , R 6 and R 7 

1 1 A K *T 

may be the same or different, and R , R , R , R , R and R maybe optionally bonded to each 
other to form a cyclic structure. 

(C2) a compound of a general formula, Z(R )m, wherein Z represents a metal element 
of Groups 2 to 13; m is a integer, indicating the valency of the metal element Z; and R 2 
represents a hydrocarbon group, 

and optionally, 

(D) an alkylating agent. 

Claims 7-9 (Canceled). 

Claim 10 (Previously Presented): The catalyst as claimed in claim 1 for 
copolymerization of olefins and styrenes, wherein R 2 is an alkyl group having at least 2 
carbon atoms. 

Claim 1 1 (Previously Presented): The catalyst as claimed in claim 4 for 
copolymerization of olefins and styrenes, wherein Z is aluminium. 

Claim 12 (Canceled). 
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Claim 13 (Previously Presented): The catalyst as claimed in claim 1 for 
copolymerization of olefins and styrenes, wherein, in the transition metal compound (A) of 
formula (4), the group (CsHs-eR 1 ^) is represented by any of the following general formulae 
(I) to (VII): 
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(VII) 



wherein A represents an element of Group 13, 14, 15 or 16, and plural A's may be the same 
or different; R represents a hydrogen atom, a halogen atom, an aliphatic hydrocarbon group 
having from 1 to 30 carbon atoms, an aromatic hydrocarbon group having from 6 to 30 
carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioalkoxy group having from 1 to 30 carbon atoms, a 
thioaryloxy group having from 6 to 30 carbon atoms, an amino group, an amido group, a 
carboxyl group, or an alkylsilyl or alkylsilylalkyl group having from 3 to 30 carbon atoms, 
and R's may be the same or different, and may be optionally bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; and n and m each represent an integer of at least 1 , 

Claim 14 (Previously Presented): A method for producing olefin-styrene copolymers, 
which comprises polymerizing olefins and styrenes in the presence of the copolymerization 
catalyst of claim 1 . 

Claim 15 (Withdrawn): The catalyst as claimed in claim 2 for copolymerization of 
olefins and styrenes, wherein, in (C), X is carbon, Y is oxygen and Z is aluminium. 
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Claim 16 (Withdraws): The catalyst as claimed in claim 2 for copolymerization of 
olefins and styrenes, wherein the compound (C) is a reaction product of <1> at least one 
selected from compounds of a general formula, (R^-C-OR 3 , R 4 -CO-R 5 or R^CO-OR 7 , with 
<2> a compound of a general formula, Z (R 2 )m. (In these formulae, R^R , R 4 > R 5 , R* and R^ 
each represent a hydrogen atom, a halogen atom, an aliphatic hydrocarbon group having from 
1 to 30 carbon atoms, an aromatic hydrocarbon group having from 6 to 30 carbon atoms, an 
alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having from 6 to 30 carbon 
atoms, a thioalkoxy group having from 1 to 30 carbon atoms, a thioaryloxy group having 
from 6 to 30 carbon atoms, an amino group, an amido group, or a carboxyl group, anc^^R 3 , 
R 4 , R\ R 6 and R 7 may be the same or different, andjk'jR 3 , R 4 , R 5 , R 6 and R 7 may be 
optionally bonded to each other to form a cyclic structure; Z represents a metal element of 
Groups 2 to 13; m is an integer, indicating the valency of the metal element Z; and R 2 
represents a hydrocarbon group.) 

Claim 17 (Withdrawn): 



Claim 18 (W ithdra w n): ^fte-eatalysHis-eteimeW 
olefin s .a nd ^yrenesrwherein-at-least-one-o^teee-R— s-is-an°aromaticAydgQcarbon-grQUfi 
*aving-from-6 tO"36=earbon-atoms: 



Claim 19 (Withdraw^: 



hasaagA0K^6=te^^O=©arbGn atoms. 



t4e4*ydfeearbeB=g£0up. 
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Claim 20 (Withdrawn): ffe^atatystms-ulaiii^ 





Claim 26 ^Withdrawn): The catalyst as claimed in claim 2 for copolymerization of 
olefins and styrenes, wherein R 2 is an alkyl group having at least 2 carbon atoms. 
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Claim 27 ^Wrtnarawft): The catalyst as claimed in claim 5 for copolymerization of 
olefins and styrenes, wherein R 2 is an alkyl group having at least 2 carbon atoms. 

Claim 28 ^WitMdfaw**-): The catalyst as claimed in claim 6 for copolymerization of 
olefins and styrenes, wherein R 2 is an alkyl group having at least 2 carbon atoms. 

Claim 29 t fWfmaf5wTr): The catalyst as claimed in claim 5 for copolymerization of 
olefins and styrenes, wherein Z is aluminium. 

Claim 30 (WttBdfawa): The catalyst as claimed in claim 6 for copolymerization of 
olefins and styrenes, wherein Z is aluminium. 

Claim 31 (WttMpaws*): The catalyst as claimed in claim 2 for copolymerization of 
olefins and styrenes, wherein the transition metal compound (A) is represented by any of the 



following general formulae (2) to (6): 

Q^CsH^bR^) (CsH 5 «R 9 c )M l X' Y 1 (2) 

Q 2 a (C 5 H 5 . a ^R l0 d ) zVxV (3) 

(CsHjcR'^M'xVw 1 (4) 

M^Y'W'U 1 (5) 

L'LWxV (6) 



in which Q 1 represents a bonding group that crosslinks the two conjugated five-membered 
cyclic ligands (C 5 H 5 - a -bR 8 b) and (CsHs-a^R^c); Q 2 represents a bonding group that crosslinks 
the conjugated five-membered cyclic ligand (CsH^R 1 ^) and the group Z 1 ; R 8 , R 9 , R 10 and 
R 1 1 each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen- 
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containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of 
these groups, if any, may be the same or different, and may be bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; b, c and d each represent an integer of from 0 to 5 
when a = 0, or an integer of from 0 to 4 when a = 1, or an integer of from 0 to 3 when a ~ 2; e 
is an integer of from 0 to 5; M l represents a transition metal of Groups 4 to 6 of the Periodic 
Table; M represents a transition metal of Groups 8 to 10 of the Periodic Table; L and L 
each represent a coordination-bonding ligand; X 1 , Y 1 , Z l , W 1 and U 1 each represent a 
covalent-bonding or ionic- bonding ligand; and L 1 , L 2 , X 1 , Y 1 , Z\ W 1 and U 1 may be bonded 
to each other to form a cyclic structure. 

Claim 32 (Wraro^: The catalyst as claimed in claim 5 for copolymerization of 
olefins and styrenes, wherein the transition metal compound (A) is represented by any of the 



following general formulae (2) to (6): 

QUC&5+*R\) (CsH^R^M 1 X 1 Y 1 (2) 

Q\ (C 5 H 5 . a <iR 1(> d) Z'm'X 1 Y ! (3) 

(CsHs^R^M^Y'w 1 (4) 

M'x'y'w'U 1 (5) 

Vh 2 M 2 X x Y { (6) 



in which Q represents a bonding group that crosslinks the two conjugated five-membered 
cyclic ligands (CsHs+d^b) and (C 5 H 5 _ a< R 9 g ); Q 2 represents a bonding group that crosslinks 
the conjugated five-membered cyclic ligand (C 5 H 5 . aHd R ,0 d ) and the group Z l ; R 8 , R 9 , R 10 and 
R 1 1 each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen- 
containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of 
these groups, if any, may be the same or different, and may be bonded to each other to form a 
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cyclic structure; a represents 0, 1 or 2; b, c and d each represent an integer of from 0 to 5 
when a = 0, or an integer of from 0 to 4 when a = 1, or an integer of from 0 to 3 when a = 2; e 
is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 to 6 of the Periodic 
Table; M represents a transition metal of Groups 8 to 10 of the Periodic Table; L and L 
each represent a coordination-bonding ligand; X 1 , Y l , Z 1 , W 1 and U 1 each represent a 
covalent-bonding or ionic-bonding ligand; and L 1 , L 2 , X 1 , Y l , Z 1 , W 1 and U 1 may be bonded 
to each other to form a cyclic structure. 

Claim 33 ( Witm r awn ): The catalyst as claimed in claim 6 for copolymerization of 
olefins and styrenes, wherein the transition metal compound (A) is represented by any of the 



following general formulae (2) to (6): 

Q\(C 5 Us^R\) (C 5 H 5 ^R 9 ,)U x X ] Y ] (2) 

Q 2 a (C 5 H 5 -aHiR 10 d) ZVXV (3) 

(C 5 H 5 ^R U C ) M'X 1 Y l W l (4) 

M'XVW'U 1 (5) 

L^Vx'Y 1 (6) 



in which Q represents a bonding group that crosslinks the two conjugated five-mernbered 
cyclic ligands (C 5 H5- a _i>R 8 b) and (C^^-cR^); Q 2 represents a bonding group that crosslinks 
the conjugated five-membered cyclic ligand (C 5 H 5 . a ^R 10 d ) and the group Z*; R 8 , R 9 , R 10 and 
R n each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen- 
containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of 
these groups, if any, may be the same or different, and may be bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; b, c and d each represent an integer of from 0 to 5 
when a - 0, or an integer of from 0 to 4 when a = 1 , or an integer of from 0 to 3 when a = 2; e 
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is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 to 6 of the Periodic 
Table; M represents a transition metal of Groups 8 to 10 of the Periodic Table; L and L 
each represent a coordination-bonding ligand; X 1 , Y 1 , Z l , W 1 and U 1 each represent a 
covalent-bonding or ionic- bonding ligand; and L 1 , L 2 , X\ Y 1 , Z l , W l and U 1 may be bonded 
to each other to form a cyclic structure. 

Claim 34 (WtflKfcawn): The catalyst as claimed in claim 2 for copolymerization of 
olefins and styrenes, wherein, in the transition metal compound (A) of formula (4), the group 
(C^H^R 1 \) is represented by any of the following general formulae (I) to (VII): 




R 
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wherein A represents an element of Group 13, 14, 15 or 16, and plural A's may be the same 
or different; R represents a hydrogen atom, a halogen atom, an aliphatic hydrocarbon group 
having from 1 to 30 carbon atoms, an aromatic hydrocarbon group having from 6 to 30 
carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioalkoxy group having from 1 to 30 carbon atoms, a 
thioaryloxy group having from 6 to 30 carbon atoms, an amino group, an amido group, a 
carboxyl group, or an alkylsilyl or alkylsilylalkyl group having from 3 to 30 carbon atoms, 
and R's may be the same or different, and may be optionally bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; and n and m each represent an integer of at least 1 . 



16 



Application No. 09/914,254 

Reply to Office Action of January 21, 2004 

Claim 35<fWrttrarawn); The catalyst as claimed in claim 5 for copolymenzation of 
olefins and styrenes, wherein, in the transition metal compound (A) of formula (4), the group 
(CsH5^R n c ) is represented by any of the following general formulae (I) to (VII): 
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(VII) 



wherein A represents an element of Group 13, 14, 15 or 16, and plural A's may be the same 
or different; R represents a hydrogen atom, a halogen atom, an aliphatic hydrocarbon group 
having from 1 to 30 carbon atoms, an aromatic hydrocarbon group having from 6 to 30 
carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioalkoxy group having from 1 to 30 carbon atoms, a 
thioaryloxy group having from 6 to 30 carbon atoms, an amino group, an amido group, a 
carboxyl group, or an alkylsilyl or alkylsilylalkyl group having from 3 to 30 carbon atoms, 
and R's may be the same or different, and may be optionally bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; and n and m each represent an integer of at least 1. 

Claim 36 (Wtfnofawn): The catalyst as claimed in claim 6 for copolymerization of 
olefins and styrenes, wherein, in the transition metal compound (A) of formula (4), the group 
(C5H5JI 1 ! e ) is represented by any of the following general formulae (I) to (VII): 




(I) 
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wherein A represents an element of Group 13, 14, 15 or 16, and plural A's may be the same 
or different; R represents a hydrogen atom, a halogen atom, an aliphatic hydrocarbon group 
having from 1 to 30 carbon atoms, an aromatic hydrocarbon group having from 6 to 30 
carbon atoms, an alkoxy group having from 1 to 30 carbon atoms, an aryloxy group having 
from 6 to 30 carbon atoms, a thioalkoxy group having from 1 to 30 carbon atoms, a 
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thioaryloxy group having from 6 to 30 carbon atoms, an amino group, an amido group, a 
carboxyl group, or an alkylsilyl or alkylsilylalkyl group having from 3 to 30 carbon atoms, 
and R's may be the same or different, and may be optionally bonded to each other to form a 
cyclic structure; a represents 0, 1 or 2; and n and m each represent an integer of at least 1. 



Claim 37 (Wttfrafarwn): A method for producing olefin-styrene copolymers, which 
comprises polymerizing olefins and styrenes in the presence of the copolymerization catalyst 
of claim 2. 



Claim 38 fWradrawR): A method for producing olefin-styrene copolymers, which 
comprises polymerizing olefins and styrenes in the presence of the copolymerization catalyst 



Claim 39 (WilMsawn): A method for producing olefin-styrene copolymers, which 
comprises polymerizing olefins and styrenes in the presence of the copolymerization catalyst 





of claim 5. 




of claim 6. 
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